The GATA family of C4 zinc-finger transcription factors has been implicated in tissuespecific gene regulation in birds and mammals. One of the members of this family, GATA-3, is reportedly expressed specifically in the T-cell lineage, where it interacts with GATA motifs in the TCR-c, TCR-]/, and TCR-enhancers, thereby controlling the T-cell phenotype. To evaluate the differentiation control properties of GATA-3, we have now documented its expression pattern during lymphoid differentiation and murine embryogenesis.
INTRODUCTION
Mature T and B lymphocytes are thought to arise from pluripotent stem cells through a common lymphoid progenitor and several discrete precursor B-and T-cell stages. Each step in this differentiation pathway is characterized by specific changes in cellular phenotype, which in turn is determined .by the complement of actively transcribed structural genes. Control of the expression of such sets of genes is exerted by developmentally active transcription factors. The regulated activity of these transcription factors is believed to be central to the control of phenotype during differentiation (Maniatis et al., 1987; Atchinson, 1988; Johnson and McKnight, 1989) . *Corresponding author. One family of transcription factors implicated in tissue-specific gene regulation is the GATA family. All GATA proteins recognize the GATA consensus sequence and contain a C4 zinc-finger motif. GATA-3, one of the members of this family, is a candidate control gene implied to be involved in T-cell differentiation (Ho et al., 1991; Ko et al., 1991; Marine and Winoto, 1991) . The prototypic factor of this family, GATA-1 (previously termed GF-1, EryF1, or NF-E1), was originally cloned from murine erythroid cells, based on its affinity for the GATA motif in the / globin gene (Tsai et al., 1989) . Its expression was then analyzed in detail and was observed to be restricted to cells of the erythroid lineage, mast cells and megakaryocytes (Martin et al., 1990 ). Subsequently, three homologous genes (NF-Ela, NF-Elb, and NF-Elc, renamed GATA-1, GATA-2, and GATA-3) were cloned from chicken erythrocytes under low-stringency conditions, using the murine GATA-1 cDNA (Yamamoto et al., 1990) . Based on homology, cDNA clones encoding human GATA-1, -2, and -3 and murine GATA-3 have since been isolated Ho et al., 1991; Ko et al., 1991; Marine and Winoto, 1991; Dorfman et al., 1992) . All three proteins have been demonstrated to transactivate transcription from a minimal TATA-box promoter adjacent to a multimerized GATA motif (Ho et al., 1991; Marine and Winoto, 1991; Dorfman et al., 1992) .
The expression pattern of the three chicken GATA genes has been studied by Northern analysis. GATA-3, the subject of the present study, is thus reportedly expressed in chicken erythroid cells, T-lineage cells, fetal brain and adult kidney (Yamamoto et al., 1990) . Similar studies performed in human and mouse so far indicate that GATA-3 expression is restricted to T-lineage lymphocytes (Ho et al., 1991; Ko et al., 1991; Marine and Winoto, 1991) . In line with this observation, functional GATA motifs have been detected in the T-cell-specific enhancers of the TCR-o, -]/, and genes (Ho et al., 1991; Ko et al., 1991; Marine and Winoto, 1991 (Alt et al., 1981) .
As chicken GATA-3 was found expressed outside the immune system, and as we have observed by Northern analysis that high expression of GATA-3 occurs in the murine kidney (J. Leiden, (Fig. 1A) .
We next studied expression of GATA-3 by in situ hybridization of murine embryos. Sections of day 11.5, 12.5, and 14.5 embryos were hybridized with a 3' untranslated antisense RNA probe under high stringency conditions. Figure 2 depicts a typical experiment using the GATA-3 probe on a midsagittal section of a day 14.5 embryo. Most sites of expression are visible on the whole-embryo section. In what follows, we discuss the expression of GATA-3 per individual organ system, illustrated by higher-magnification pictures where appropriate. Thymus On day 12.5, when the thymus was first visible, GATA-3 mRNA could be detected in this organ (Fig. 3A) . A moderate level of GATA-3 mRNA was also apaprent at day 14.5 ( Fig. 2 in the mesonephric duct (day 11.5, not shown) and was strictly localized in the collecting tubuli at later stages (Fig. 4) . These observations confirmed Northern blot experiments performed on adult kidney (J. Leiden, unpublished) .
Adrenal Gland GATA-3 mRNA was detected at significant levels in the neural crest-derived medulla of the adrenal gland. No GATA-3 was detectable in the cortex of this endocrine organ, which is of mesodermal origin (Fig. 4) have demonstrated that the closely related GATA-1 gene is essential for normal erythroid differentiation (Pevny et al., 1981) . It is tempting to speculate that GATA-3 is equally important for the T-cell lineage. In situ hybridization of sections of murine embryos at days 11.5, 12.5, and 14.5 revealed multiple sites of GATA-3 expression during ontogeny. No common denominator was apparent for the ontogenic origin of the various cell types transcribing the GATA-3 gene. mRNA was thus observed in cell types of (neuro-)ectodermal (central nervous system, epidermis, and skin-derived organs, medulla of the EXPRESSION OF GATA-3 9 adrenal gland) and mesodermal origin (thymocytes, erythroid cells, kidney, and palate). The expression of murine GATA-3 in erythroid cells, fetal brain and kidney as described here, is consistent with the expression pattern reported for chicken GATA-3 (Yamamoto et al., 1990) .
At first glance, the complex expression pattern of GATA-3 appears to be at variance with an important role for this gene in T-cell differentiation. However, it is a common finding that putative tissue-specific transcription factors display a wider tissue distribution than the structural target gene originally used to identify the factor. For example, the POU-domain genes Oct-2 and Pit-l, which are believed to control specific expression of genes in the B-cell lineage and in pituitary cells, respectively, both are expressed in the developing nervous system (Xi et al., 1989) . In addition, LF-B1 is thought to be involved in liver-specific gene expression, but is expressed in a wide variety of other tissues (Baumhueter et al., 1990) . It is generally assumed that the exquisite expression of target genes is the result of the combinatorial activity of a number of positively and negatively acting transcription factors with restricted tissue distributions (Johnson and McKnight, 1989) . Thus, a limited number of transcription factors may be utilized in varying combinations to produce a large variety of target gene expression patterns. From this, it appears likely that GATA-3 acts in concert with additional transcription factors to control differentiation within the T-cell lineage.
Other transcription factors potentially involved in T-cell differentiation are TCF-1, LEF-1, and Ets-1 (Leiden, 1992) . Amongst these factors, the expression of TCF-1 in the lymphoid lineage (Oosterwegel, unpublished) van de Wetering et al., 1991 Palacios and Pelkonen (1988 (Alt et al., 1981 Human GATA-3 was cloned from an HPB-ALL T-cell cDNA library by oligo probing based on published sequence (Leiden, 1992) . Subsequently, murine cDNA clones were obtained from an EL-4 phage cDNA library under conditions of low stringency using the human cDNA clone as a probe. The identity of all cDNAs was confirmed by sequencing. For Northern blotting, DNA probes were labeled by random oligonucleotide priming (Pharmacia) . For CD3-y, CD3-e, and TCR-c, full-length cDNA inserts were used. For GATA-3, an 800-bp fragment, extending downstream from the HindIII site at bp 1234 (Ko et al., 1991) , was used.
In situ Hybridization In situ hybridization was performed essentially as described by Wilkinson et al. (1987) with modifications introduced by Kress et al. (1990) . Briefly, dissected embryos were fixed 4 to 18 hr in 4% paraformaldehyde, dehydrated in ethanol and butanol, and embedded in paraffin. Embryos were sectioned at 6 tm thickness and mounted on 3-aminopropyl-triethoxy-silane-coated slides. Slides were deparaffined, digested with proteinase K, acetylated with triethanolamine, dehydrated and hybridized overnight at 55C. Subsequently, high stringency washing was performed in 50% formamide/2xSSC/10 mM DTT at 65C. Slides were treated with ribonuclease A, rinsed in 2xSSC, 0.1xSDS, dehydrated and dipped in Ilford emulsion G.5. After drying, the slides were exposed for up to 10 days at 4C, developed in and 
